A number of studies have strongly suggested a susceptibility locus for bipolar affective disorder on chromosome 12q24. The present study investigates for a shared chromosomal segment among distantly related patients with bipolar affective disorder from the Faroe Islands, using 17 microsatellite markers covering 24 cM in the previously suggested region on chromosome 12q24. D12S342 showed possible allelic association to bipolar affective disorder (P-value using CLUMP below 0.01). Increased sharing among cases of two-marker haplotypes were suggested at D12S1614-D12S342 (Pvalues using CLUMP below 0.01), and D12S2075-D12S1675 (P-values using CLUMP around 0.001). The region of most interest is around 6 cM and bounded by markers D12S1614 and D12S1675 as suggested by the interesting two-marker haplotypes. This area contains the minimum interesting region between D12S342 and D12S1658 suggested by the previously reported haplotypes in the two Danish families with bipolar affective disorder. Molecular Psychiatry (2001) 6, 450-455.
Genetic factors are the most solid clues to the aetiology of bipolar affective disorder as evidenced by family and twin studies and two out of the five adoption studies. 1, 2 Specific genes and relevant DNA sequence variations involved in this disease have not yet been identified. Linkage studies have suggested a number of candidate chromosome regions, in particular chromosome 4p16, 3 chromosome 4q35, 4 chromosome 10p, 5 chromosome 13q32, 6 chromosome 18p, 7 and 18q, 8, 9 chromosome 21q, 10 and the X-chromosome. 11 We have earlier assigned a bipolar affective disorder susceptibility locus to 12q24 by linkage analysis in two Danish families. 12 Assuming a dominant mode of inheritance and only including patients with bipolar affective disorder as affected, the microsatellite marker D12S1639 gave a significant lod score of 3.37, empirical P-value of 0.00002. This finding was further supported by non-parametric analyses using SimIBD, [13] [14] [15] with P-values at D12S1639 of 0.00003, when including patients with bipolar affective disorder and recurrent depression, and 0.005 when only including patients with bipolar affective disorder in the phenotype. This finding may support an earlier suggestive linkage finding with a lod score of 2.11 using Darier's disease as a phenotypic marker, which however is located more proximal on chromosome 12q23-24.1.
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Linkage results from independent studies on families from USA 6 as well as results from Canadian families 17 and British families 18 have further supported the existence of a susceptibility locus on chromosome 12q23-12q24.
Isolated populations have been useful for genetic mapping and final identification of genes for rare Mendelian disease 19, 20 and may also be more homogenous concerning genetic and non-genetic risk factors involved in complex diseases, thus facilitating the identification of risk factors. As the population of the Faroe Islands was founded by relatively few individuals and has been relatively isolated since its founding, it may be a well-suited population for genetic mapping of risk genes. Searching for shared chromosomal segments within a homogenous population has been a powerful approach for some rare Mendelian diseases 21 and might be an advantage also in complex diseases. By selecting cases related around six to ten generations ago, a genome-wide scan searching for shared chromosomal segment may be performed on relatively few individuals using a few hundred DNA markers, 21 as when using the lod score method on larger pedigrees. A few studies have found evidence of chromosome segment sharing for common complex diseases, including studies of bipolar affective disorder in the Costa Rican 9, 22 and Faroese population. 23 In order to confirm the presence of a susceptibility locus on chromosome 12q23-q24, to narrow the interval of interest and further aid the final identification of the susceptibility locus, we investigated 17 microsatellite markers spanning a region of 24 cM (Table 1) , in 14 patients with bipolar affective disorder ( Figure 1 ) and 43 controls.
Results from analyses of single markers and twomarker haplotypes using CLUMP 24 are shown in Table 1 . We considered P-values below 0.01 as interesting. Such P-values were found for marker D12S342, P-value 0.007, and for two-marker haplotypes, D12S1614-D12S342, P-values of 0.003 and 0.007, and D12S2075-D12S1675, P-value Յ0.001. As seen in Table 2 two different longer haplotypes, including most or all markers, were possibly present. Such a haplotype was probably present in cases A, H and K but only on one out of 86 control chromosomes, while cases G and H, and zero out of 86 control chromosomes shared another haplotype. As seen in Table 2 Figure 1 The 14 persons with bipolar affective disorder and their genealogical relationship. Identical numbers refer to identical persons. The sex of the individuals has been disguised.
Molecular Psychiatry a number of shorter haplotypes were also seen more than once. However, due to uncertain phases many of the longer haplotypes were potentially broken up and therefore we did not formally evaluate the significance of these haplotype frequencies statistically.
The present study yields further support for a risk allele for bipolar affective disorder in chromosome 12q24.
The two different two-marker haplotypes were supported by empirical P-values derived by simulation using CLUMP 24 and by a test assuming an approximate genealogical relationship between cases. In addition we applied Fisher's exact test on the most interesting of the specific haplotypes in these two segments.
The two-marker haplotype consisting of D12S1614-D12S342 yielded P-values at or below 0.007 using CLUMP. The most interesting haplotype, the 1-7 haplotype, of D12S1614-D12S342 was present on five of the 28 case chromosomes and only three of the 84 control chromosomes, yielding a P-value of 0.0227 using Fisher's exact test (two-sided). If specifying that the cases were related six or seven generations ago, using the formulae of Houwen et al 21 and assuming a size of the segment of 0.1 cM, the probability of sharing such a segment on 5 out of 28 chromosomes is less than 0.0003 (Table 3) . It has to be remembered that cases on average were related around seven generations ago yielding a P-value below 0.00001 (Table 3) . When using Fisher's exact test and the formulae derived from Houwen et al 21 we have only evaluated the most frequent haplotype among cases. An advantage of CLUMP is that this program evaluated all the haplotypes, which are present in one test and may be significant also or only, if more than one haplotype is present more often among cases or if a protective allele is present more often among controls. As the frequency of the 1-7 haplotype of D12S1614-D12S342 in our control population is 0.036, this haplotype would occur by chance less than three out of 1000 times on five or more out of 28 chromosomes (Table 4) based on a simple binomial distribution. Tests with as well as Table 2 Haplotypes of bipolar affective disorder patients using 17 microsatellite markers over the candidate region on chromosome 12q23-12q24. Paternally transmitted haplotype shown in bold.
140 0 0 4 7 6 4 −6 −10 9 6 4 6 −6 −7 5 6 12 10 7 7 5 6 2 4 6 4 10 2 D12S1612 140 10 3 9 11 12 9 9 9 9 3 23 12 6 23 10 6 5 14 3 15 10 5 1 15 1 9 14 8 D12S1614 145 1 2 1 6 2 2 2 2 1 1 −1 −6 1 1 1 1 4 3 5 6 1 3 1 3 2 1 −3 −1 D12S342 145 7 7 1 10 7 6 6 1 7 3 2 1 1 1 7 1 6 7 −1 −10 7 9 1 7 6 1 7 7 D12S340 146 2 2 2 2 −2 −3 3 2 5 2 1 2 2 2 2 2 −2 −3 −3 −2 2 2 2 3 3 2 3 1 D12S1639 147 1 9 9 9 0 0 3 6 1 4 1 1 7 3 1 7 9 13 1 1 1 4 9 7 1 1 7 1 D12S324 147 1 without any assumptions concerning genealogy support the conclusion of increased sharing among patients. The other interesting two-marker haplotype, D12S2075-D12S1675, yielded P-values at or below 0.001 using CLUMP. The 5-6 haplotype was present on six out of 24 case chromosomes but only on two out of 86 control chromosomes yielding a P-value of 0.0012 using Fisher's exact test (two-sided). Using the formulas of Houwen et al 21 and assuming a size of the segment of 1 cM, the probability of sharing such a segment on six out of 28 chromosomes is 0.0000002 for cases related seven generations ago ( Table 3) . As the 5-6 haplotype of D12S2075-D12S1675 has a frequency of 0.025 in the control population, the probability of observing it by chance on six out of 28 chromosomes is below 0.00006 (Table 4) . Once again evidence from tests with as well as tests without any assumptions concerning genealogy supports the conclusion of a significant increased sharing among patients.
Long haplotypes covering more or less the whole region, ie around 24 cM long may be present, though with some uncertainty due to unknown phases ( Table 2 ). The probability of finding a shared haplotype inherited identical by descent without a disease gene with a size about 24 cM on two or three chromosomes out of 28 related chromosomes seven generations ago is less than 0.002 (Table 3) . These longer haplotypes are reflected in several shorter haplotypes. The 1-7 haplotype of D12S1614-D12S342 and the 5-6 haplotype of D12S2075-D12S1675 are part of the probably longer haplotypes in A, H and K. Furthermore the 5-6 It is very difficult to assess statistical significance in genetic association studies and to make adjustments to statistical criteria as the amount and extent of linkage disequilibrium varies in different populations and genome regions. 25 Though a number of tests have been performed we have not corrected the P-values for multiple testing, as the tests of different two-marker haplotypes are only partly independent. Only eight non-overlapping two-marker haplotypes can be made from the 17 markers and linkage disequilibrium among markers will further reduce the number of completely independent tests. As expected in an isolated population preliminary investigations of our control sample suggest that linkage disequilibrium is present among several of the adjacent as well as non-adjacent markers.
In conclusion the region of most interest is around 6 cM and bounded by markers D12S1614 and D12S1675 as suggested by the interesting two-marker haplotypes and the different longer haplotypes. This area contains the minimum interesting region between D12S342 and D12S1658 suggested by haplotypes shared in the two Danish families with bipolar affective disorder. 12 As suggested by simulations made by Te Meerman et al 23, 26 the probability that a segment of more than 5 cM is shared identical by descent around a common disease gene on eg six chromosomes in patients related six generations ago is around 0.45, ie it is not a rare event.
The present study is part of an ongoing genome-wide scan with more than 500 microsatellite markers. Preliminary results have suggested two other areas of Molecular Psychiatry interest potentially containing risk alleles for bipolar affective disorder on chromosome 10q26 (unpublished) and 18q23. 23 We will continue our search for allelic associations in other populations, in order to fine map the area of interest and hopefully identify a susceptibility locus for bipolar affective disorder.
We believe that the present study is encouraging as it yields independent statistical support for a susceptibility locus for bipolar affective disorder on chromosome 12q24. However, final proof of such a locus will have to await the finding of a functionally significant DNA sequence variation within the region.
Methods

Collection of cases and diagnostic criteria
The Faroese population has descended from a relatively small number of founders, especially from the western part of Norway and the British Isles, around 900 AD. The size of the population remained about 4000 until around 1800 AD and has been reduced on a number of occasions due to diseases such as the plague, smallpox and periods of famine. In-and outmigration has been sparse. Today the population has increased to about 45 000.
We recruited 14 patients with bipolar affective disorder from the Department of Psychiatry, National Hospital in Torshavn, the capital of the Faroe Islands. Apart from the 14 included patients, three cases were not interviewed or included, as a genealogical relationship with the other cases could not be established or was unknown.
The included patients were interviewed by an experienced psychiatrist (AGW) using a brief version of the Present State Examination. 27 Based on the hospital case notes and the interview, a clinical narrative was made for each patient. The final diagnosis was made as a consensus best-estimate by two experienced psychiatrists, Dr A Bertelsen and Dr O Mors, Risskov, Denmark, who independently reviewed the clinical narrative and if necessary other relevant material. Diagnosis was assigned on the basis of interviews and medical records according to ICD-10, Diagnostic Criteria for Research, and the fourth edition of the Diagnostic and Statistical Manual, Revised. 28 Of the 14 included patients, all patients had bipolar affective disorder according to ICD-10 and bipolar disorder type I according to DSM-IV. As controls we recruited 43 parents and one offspring (trios) without known psychiatric diseases. The parents and offspring were collected from the same region of the Faroe Islands as the patients to enable a reliable estimation of marker allele and haplotype frequencies in the population.
Genealogical assessment
Cases related six to ten generations ago were sought in order to obtain a reasonable expected size of shared chromosomal segment around the putative disease gene(s). 21, 26 Using church and civic records of births, marriages and deaths, lineages were traced back as far as possible in order to determine if the patients were related and to determine the shortest possible genealogical distance between any pair of the patients' parents. Church records exist from either 1727 or 1750 depending on the sub-region, while incomplete church records and civic records exist from even earlier. At least one of each patient's parents could be connected in one or more ways to the other patients' parents. Figure 1 shows the patients and some of the ways of relating them. The father in generation I was born around 1620, the birth year of his wife is unknown. Some of the patients were even more closely related than shown in Figure 1 .
The average number of generations relating two patients was 7.2, when pairs of patients were connected genealogically by the shortest possible distance through their parents. Only two pairs, E-G and B-Q were known to be related as closely as three generations ago. Cases B, E, F, G, H and J were each on average related to all other patients between 6 and 7 generations ago, A, C, D, I, K, O and Q similarly between 7 and 8 generations ago while R had an average of more than 9.
Genotyping
Genomic DNA was prepared from venous blood using standard sucrose/triton-lysis protocol with sodium chloride/isopropanol precipitation. Polymerase chain reaction (PCR) amplification of microsatellites was performed using standard methods. The samples were automatically loaded and electrophoresed using the POP 4 protocol for ABI Prism 310 Genetic Analyser. GeneScan and Geno Typer programs were used to perform analysis of the allele sizes and allele scoring. Data management was performed by use of GenBase and GenoPedigree programmes (Applied Biosystems, Foster City, CA, USA). Two persons independently scored the genotypes according to CEPH family 1331 data. Markers were PCR amplified and genotyped a second time when showing non-Mendelian inheritance patterns within a family. The order of the microsatellites was based on information from public databases and on our own investigations including recombinants in ECPH families and DNA sequencing (unpublished results).
The haplotypes of the cases' (A, B, C, D, E, F, G, H, I, J, K and O) chromosomes were assigned by tracing the parental origin of alleles. In order to reconstruct the haplotypes as completely as possible, both the parents and one child were genotyped. Due to the strict inclusion criteria based on severity of phenotype and geography, it was only possible to include two parents for four out of the 14 bipolar patients, while only one parent could be collected for eight patients. For the two remaining cases, Q and R, haplotypes could be reconstructed by typing a child and the spouse of the patient. For the 43 control parents the haplotypes were reconstructed from one offspring. When haplotypes were reconstructed from one offspring it is possible that the reconstructed haplotype of interest has been partly broken by recombination events. However, as this will only happen with a reasonably low probability within any segment and as the probability that the crossing over will produce the specific haplotype of interest from two other haplotypes is probably even lower, this approach seems quite conservative.
Statistical methods
Allele frequencies and two-marker haplotype frequencies were compared between cases and controls using the CLUMP program. 24 This program performs a Monte Carlo evaluation of significance levels for four chi-squared tables. It performs repeating simulations for all four chi-squared statistics, by generating tables having the same marginal totals as the one under consideration. Then the P-value is estimated by counting the proportion of times that a chi-squared value is as high or higher as the observed value associated with the chi-squared table under consideration. We focussed on the T1 and T4 statistical tests from CLUMP. The first chi-squared value (T1) is calculated from the observed chi-squared table, which contains counts obtained from the cases and controls. The fourth chi-squared value (T4) is the maximum chisquared value obtained from looking at all possible combinations of two-by-two tables made by clumping of the observed n × 2 table.
In an isolated population the possibility of having inherited a chromosome segment, which does not contain a disease gene, from a common ancestor must be considered. The probability of detecting such a haplotype of a certain size, that does not contain a disease gene, among a number of cases related a known number of generations ago can be calculated from the formulae derived by Houwen et al. 21 The probabilities of finding such a shared haplotype, 0.1 cM, 1 cM, 5 cM, 10 cM, or 24 cM long, inherited identical by descent from a common ancestor couple six or seven generations ago, on more than three out of 28 chromosomes were between 0.00005 and 0.05 (Table 3 ). As such a specific segment may be inherited from each of the four ancestral chromosomes in the founding couple all probabilities are multiplied by four (Table 3) .
Based on a binomial distribution the probabilities of observing a specific allele or shared haplotype on a number of chromosomes by chance, ie identical by state (IBS), are shown for selected allele or haplotype frequencies in Table 4 
